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t. 

Specifications 7507* 

1. Title of the Invention 

Hollow Cylindrical Body for Embedding by Casting 

2. Claim(s) 

1 . A hollow cylindrical body for embedding by casting having a plurality 
of protrusions on the outer peripheral face; said hollow cylindrical body 
for embedding by casting characterized by the aforesaid hollow cylindrical 
body being fabricated by producing an expendable pattern corresponding 
to the shape of the concerned hollow cylindrical body and substituting 
itwithamoltenmetal; and hoi low parts adjacent to the af oresaidprotrusions 
forming a dovetail groove shape. 

2 . The hollow cylindrical body for embedding by casting of Claim 
1 characterized by the aforesaid protrusions forming a dovetail groove 
shape having partially notched faces, and these notched faces being 
positioned at the base end sides of the protrusions. 

3. The hollow cylindrical body for embedding by casting of Claim 

1 characterized by the aforesaid protrusions achieving a dovetail groove 
shape, and the width Wi on the base end side of each belt-shaped protrusion 
being smaller than the width W 2 on the tip side. 

4. The hollow cylindrical body for embedding by casting of Claim 

2 wherein the ratio Wi/W 2 with the above-mentioned Wi is 0.28 to 0.98. 

5. The hollow cylindrical body for embedding by casting of Claim 
1 characterized by the aforesaid hollow cylindrical body being integrated 
multiple cylindrical bodies having a con j oined parallel arrangement wherein 

'Number in the margin indicates pagination in the foreign text. 
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at least two straight hollow shells and the adjacent parts being coupled 
integrally. 

6 . Amethod for manufacturing the hollow cylindrical body for embedding 
by casting characterized by forming a plurality of protruding pieces 
comprising a synthetic resin foam, fabricating an expendable pattern 
corresponding to the shape of the hollow cylindrical body for embedding 
by casting by bonding each protruding piece to the outer peripheral face 
of a hollow cylindrical foam comprising a synthetic resin, embedding the 
expendable pattern in casting sand, and pouring molten metal into the 
expendable pattern to substitute the expendable pattern with the molten 
metal . 

7. The method for manufacturing the hollow cylindrical body for 
embedding by casting of Claim 6 characterized by the aforesaid protruding 
pieces being substantially spherical beads. 

8. The method for manufacturing the hollow cylindrical body for 
embedding by casting of Claim 7 characterized by forming a plurality of 
shallow spherical recesses in the outer peripheral face of the aforesaid 
hollow cylindrical foam, and fabricating the aforesaid expendable pattern 
by joining the aforesaid substantially spherical beads to respective 
recesses . 

9. The method for manufacturing the hollow cylindrical body for /5 
embedding by casting of Claim 7 characterized by the aforesaid substantially 
spherical beads being notched so that the respective remaining portion 
is hemispherical or greater to fabricate the aforesaid expendable pattern 
by joining the notched face of each remaining portion to the aforesaid 
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hollow cylindrical foam. 

10. The method for manufacturing the hollow cylindrical body for 
embedding by casting of Claim 7 characterized by the aforesaid substantially 
spherical beads being notched so that the respective remaining portions 
are hemispherical or greater, and fabricating the aforesaid expendable 
pattern by adhering each remaining portion to the resin film and attaching 
the resin film to the outer periphery of the aforesaid hollow cylindrical 
foam. 

11. The method for manufacturing the hollow cylindrical body for 
embedding by casting of claim 6 characterized by the aforesaid protruding 
piece being a belt-shaped body. 

12. The method for manufacturing the hollow cylindrical body for 
embedding by casting of Claim 11 characterized by forming a plurality 
of shallow V groove-shaped recesses in the outer peripheral face of the 
aforesaid hollow cylindrical foam, joining the acute angular portion of 
a belt-shaped body having a triangular cross section to each recess to 
produce the aforesaid expendable pattern. 

13. The method for manufacturing the hollow cylindrical body for 
embedding by casting of Claim 11 characterized by the aforesaid belt-shape 
body being notched so that the acute angular portion of the respective 
belt-shaped body having a triangular cross section are cut off evenly, 
joining the notched face of each remaining portion to the aforesaid hollow 
cylindrical foam to fabricate the aforesaid expendable pattern. 

14. The method for manufacturing the hollow cylindrical body for 
embedding by casting of Claim 11 characterized by the aforesaid belt-shaped 
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body being notched so that the acute angular portions of the respective 
belt-shaped bodies having triangular cross sections are cut off equally, 
and adhering the notched face of each remaining portion to a resin film, 
and attaching the resin film to the outer periphery of the aforesaid hollow 
cylindrical foam to fabricate the aforesaid expendable pattern. 

15. The method for manufacturing the hollow cylindrical body for 
embedding by casting of Claim 6 characterized by the aforesaid expendable 
pattern being embedded in molding sand so that the central axis thereof 
is set perpendicularly. 

16. The method for manufacturing the hollow cylindrical body for 
embedding by casting of Claim 6 characterized by the aforesaid hollow 
cylindrical foam being an integrated multiple cylinder having a conjoined 
parallel arrangement wherein at least two straight hollow shells are arranged 
in parallel and adjacent portions being coupled integrally. 

3. Detailed Specifications 
(Field of Industrial Application) 

Thepresent invention relates to ahollow cylindrical body for embedding 
by casting and its method of manufacture, and more specifically, a hollow 
cylindrical body for embedding by casting, which is cast in a so-called 
lost form method or full-mold method using an expendable pattern made 
of foam. 
(Prior Art) 

In the past, embedding by casting, in which an integral cast product 
was obtained by casing a 1 st casting having a prescribed shape, and 
subsequently pouring a molten metal comprising a metal the same as or 
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different from this cast article around the cast article to cast a 2 n 
casting, is performed. Thence, embedding by casting is performed widely 
when a hollow cylindrical body, such as a cylinder liner made of cast 
iron, is embedded by casting a cylinder block made of an aluminum alloy, 
when a heat exchanger or break drum is cast, etc. For example, a cylinder 
for a combustion engine is obtained by using a cast iron cylinder liner 
(1 st cast) , from the viewpoint of self -lubrication or the like, to integrally 
form a block made of aluminum (2 nd casting) and a liner for the purpose 
of weight reduction. 

In this case, the joint strengths and thermal conductivities of the 
1 st and 2 nd castings in the embedding for casting boundary face are problems 
in particular. In order to improve on these problems, the contact area 
of the 2 nd casting is increased by machining a fine groove on the outer 
peripheral face of a conventional 1 st casting, and forming irregularities 
on the outer peripheral face of the 1 st casting in the casting step. For 
example, in Tokkai No. 53-104527, a state in which the irregularities 
in the cast surface and the different kinds of metal are interlocked is 
attempted to be obtained when the different kinds of metals are cast by 
embedding by adding a special substance to a mold and forming a surface 
with numerous irregularities on the cast surface of the 1 st casting . Moreover, 
inTokkoNo. 42-2 5554, a method is described in which a template is fabricated 
by using a mold having square threads provided on its surface, forming 
a threaded part on the inner peripheral surface of the template by using 
amixture of graphite and water glass as facing sand, and forming a thread-like 
irregularity section on the outer peripheral face of the 1 st casting. 
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Furthermore, a viral [transliteration] method in which a dovetail 
groove is formed on the outer peripheral face of the 1 st casting, there 
is also a method in which the couplability with the 2 nd casting is enhanced 
by performing an aluminizer treatment on the outer peripheral face of 7509 
the 1 st casting. 

Otherwise, although there is no direct relationship with the embedding 
by casting method, casting methods per se, in which an expendable pattern 
which disappears after pouring molten metal into it is used, are described 
in Tokkai Nos. 58-184040 and 62-151242. 
(Problems to be Solved by the Invention) 

In the prior art, as described above, the step for machining the 
1 st casting having irregularities formed on the outer periphery by carrying 
out machining on the outer periphery after casting the 1 st casting is 
complicated for producing a template having a complex shape in order to 
produce the 1 st casting. Moreover, with a simple irregularity section, 
dislocation can be prevented in the symmetrical axial direction of the 
1 st and 2 nd castings but not in the radial direction thereof. Furthermore, 
if the 1 st and 2 nd castings are integrated while a gap is temporarily present 
in the casting by embedding boundary face, it is possible that the gap 
capacity thereof will increase due to the difference in the coefficients 
of thermal expansion between the 1 st and 2 nd castings when the finished 
casting is heated during operation thereof. Thence, the air intervening 
in such a gap demonstrates an adiabatic effect, which in turn deteriorates 
the desired characteristics of the cast product. For example, it is 
necessary to radiate heat in the combustion chamber of an engine cylinder, 
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but a sufficient heat-radiating effect is not obtained upon generating 
such an adiabatic layer . Furthermore , since the air inside the gap expands , 
the 1 st and 2 nd castings are energized in a direction in which they recede 
from each other, and an integral couplability is prevented. 

If the 2 nd casting invades this dovetail groove, when forming the 
dovetail groove on the outer peripheral face of the 1 st casting, it is 
possible to enhance the associative strengths and adhesion forces of the 
1 st and 2 nd castings. That is, besides being able to prevent dislocation 
of the 1 st and 2 nd casting in the symmetrical axial direction, dislocation 
in the transverse or radial direction also can be prevented, which is 
because, since the internal spatial cross section of the dovetail groove 
is larger than at its opening, the part of the 2 nd casting invading in 
and solidifying inside the dovetail groove is not able to recede from 
the 1 st casting easily. However, forming such a dovetail groove by casting 
is general more difficult upon forming uneven grooves. Moreover, it is 
necessary to obtain a structure in which the casting sand remaining inside 
the dovetail groove is washed out. Furthermore, in the conventional method 
for manufacturing the 1 st casting used for casting by embedding, the hollow 
cylindrical body is such that only a single cylindrical body was intended 
to be manufactured thereby, and it was extremely difficult to manufacture 
an integrated hollow cylindrical body having a so-called con j oined parallel 
arrangement wherein a plurality of cylindrical bodies were integrated 
in a parallel arrangement . An obj ect of the present invention is to overcome 
the drawbacks of the aforementioned conventional hollow cylindrical body 
for embedding by casting and its method of manufacture, and to obtain 
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a hollow cylindrical body used for embedding by casting (1 st casting) with 
superior close adhesiveness to the 2 nd casting and which is easy to manufacture , 
and its method of manufacture. 
(Means for Solving the Problems) 

Therefore, hollow cylindrical body for embedding by casting of the 
present invention is a hollow cylindrical body for embedding by casting 
having a plurality of protrusions on the outer peripheral face; said hollow 
cylindrical body for embedding by casting is characterized by the aforesaid 
hollow cylindrical body being fabricated by producing an expendable pattern 
corresponding to the shape of the concerned hollow cylindrical body and 
substituting it with a molten metal; and hollow parts adjacent to the 
aforesaid protrusions forming a dovetail groove shape. 

Moreover, the method for manufacturing the hollow cylindrical body 
for embedding by casting of the present invention is characterized by 
forming a plurality of protruding pieces comprising a synthetic resin 
foam, fabricating an expendable pattern corresponding to the shape of 
the hollow cylindrical body for embedding by casting by bonding each 
protruding piece to the outer peripheral face of a hollow cylindrical 
foam comprising a synthetic resin, embedding the expendable pattern in 
casting sand, and pouring molten metal into the expendable pattern to 
substitute the expendable pattern with the molten metal. 
(Effects) 

Since the gap formed between adjacent protrusions substantially 
exhibits a dovetail shape, a shape for preventing the 1 st and 2 nd castings 
from receding from each other is formed in the direction in which they 
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would recede from each other when the molten metal for the 2 n casting 
flowing into this gap by embedding by casting; hence, a tight joint 
therebetween can be secured. 

For example, in the 1 st practical example, each protrusion forms a 
substantially spherical shape having a partially notched face, as a result 
forms a larger spherical shape than a hemispherical shape. A dovetail 
is obtained between the protrusions since this notched face is positioned 
on the base end side of a protrusion. 

Moreover, in the 2 nd practical example, since each protrusion forms 
a belt shape and the width W x of the base end side thereof is smaller 
than the width W 2 on the tip side, the gap formed between adjacent belt-shaped 
protrusions exhibits a substantially dovetail shape with a prescribed 
pattern. 

Furthermore, in a practical example where a plurality of £5 
substantially spherical protrusions are formed on the outer peripheral 
face of the hollow cylindrical body for embedding by casting to form the 
1 st casting, the casting sand for the 1 st casting is discharged through 
p through' misspelled in source] the gap between protrusions smoothly 
on a spherical surface. Moreover, in a practical example in which the 
plurality of belt-shaped protrusions are formed with a prescribed pattern 
on the outer peripheral face of the hollow cylindrical body for embedding 
by casting to form the 1 st casting, the casting sand for the 1 st casting 
is discharged smoothly through the gap between the belt-shaped protrusions . 

Moreover, according to the method for manufacturing the hollow 
cylindrical body for embedding by casting in the present invention, an 
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expendable pattern with the same shape as the hollow cylindrical body 
for embedding by casting to form the 1 st casting can be fabricated simply 
by contacting aprotrudingpiecemade of an expandable resin with a cylindrical 
body made of an expandable resin. Merely by embedding this expendable 
pattern in sand and pouring molten metal toward the expendable pattern, 
the expendable pattern is substituted with the molten metal in the sand, 
and then when the molten metal cools and solidifies, the sand is removed 
easily due to the aforementioned reasons. 

By casting the hollow cylindrical body for embedding by casting, 
in the 2 nd metal in a well-known method, the cylindrical body used for 
embedding by casting thus obtained, firm adhesion of the 1 st and 2 nd castings 
is obtained. 

In addition, besides a single hollow cylindrical body, this expendable 
pattern is used to obtain an integrated multiple cylindrical body having 
a conjoined or full conjoined parallel arrangement wherein at least two 
cylindrical bodies are integrated in a parallel arrangement , so an on-vehicle 
multicylindered cylinder block, for example, can be manufactured with 
ease . 

(Practical Examples) 

The hollow cylindrical body for embedding by casting of the present 
invention will now be described on the basis of the appended drawings . 
Moreover, the following description is an example of a cylinder liner 
for an internal combustion engine, but the present invention is not limited 
to these examples, and of course, it can be applied to casting by embedding 
using other different kinds of metals for manufacturing other machine 
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elements. Moreover, besides a single cylindrical body, the present 
invention can also be applied to a so-called conjoined multiple cylindrical 
bodies in which two 2 cylindrical bodies are arranged in parallel with 
part of each cylinder used in common, or a full conj oinedmultiple cylindrical 
bodies in which three 3 or more cylindrical bodies are arranged in parallel . 
Multiple cylindrical bodies arranged in parallel are used in, e.g., 
multicylindered cylinder blocks. 

In these drawings, a hollow cylindrical body for embedding by casting 
1 is a cast-iron product in which a straight cylinder portion 2 and a 
plurality of protrusions 3 are integrated. The protrusions can be classified 
generally as substantially spherical types and belt-shaped bodies. 
Practical Example 1 

The 1 st practical example of the hollow cylindrical body for embedding 
by casting in the present invention will be described on the basis of 
Figs. 1 and 2. In the 1 st practical example is obtained a single hollow 
cylindrical body for embedding by casting 1 in which the protrusions 3 
form a substantially spherical shape, with a plurality of protrusions 
being cast integrally on the outer peripheral face side of a single straight 
cylinder portion 2. 

The respective substantially spherical protruding tip portions form 
a spherical surface portion 4, and a protrusion base portion side 5 is 
formed integrally with the straight cylinder portion 2 having a cross 
section that is smaller than the diametral cross section of the sphere. 
Consequently, this spherical protrusionhas a size of at least a hemispherical 
shape, and a spherical notched portion 5 forms the base of a protrusion. 
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An overhanging dovetail groove 6 is provided between adjacent protrusions 
3 and 3, and thus comprising a wall. 

Figure 2 shows a state in which a cylinder block 10 made of aluminum 
is cast by embedding in this hollow cylindrical body 1. The cylinder 
block 10 forms a heat-radiating fin 11 on the outer periphery and an inner 
peripheral section 12 is joined to the aforementioned protrusions 3. 
As seen from Fig. 2, the inner peripheral side of the cylinder block 10 
is sufficiently joined spatially between spherical protrusions. That 
is, since the cross section A x of the inner peripheral section 12 interposed 
between the protrusions 3 and 3 even if the hollow cylindrical body 1 
and the cylinder block 10 are energized in the direction in which they 
recede from each other is larger than the area A 2 of the molten metal 
flow-in opening, a close junction between the hollow cylindrical body 
1 and the cylinder block 10 can naturally be secured. 
Practical Example 2 

The 2 nd practical example of the hollow cylindrical body for embedding 
by casting in the present invention will be described on the basis of 
Figs. 3 to 5. The hollow cylindrical body 1A of the 2 nd practical example 
has a single straight cylinder portion 2 and a belt-shaped protrusion 
3A. That is, it is preferable that each belt-shaped protrusion 3A be 
belt-shaped, the width W x on the base end side be smaller than the width 
W 2 on the tip side, and in particular, the ratio Wi/W 2 be 0.28 to 0.98. 

If Wi/W 2 is larger than 0.98, overrun occurs during casting by embedding, 
and if it is less than 0.28, the cast strength is insufficient. 
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Moreover, it is preferable that the height H of the belt-shaped /511 
protrusions 3A with respect to the width W 2 on the tip side be 0.3 to 
3.0 (=H/W 2 ) . If the ratio is outside this range, problems arise because 
the cast strength is insufficient and so is the strength of the protrusion 
section. 

In the 2 nd practical example, each belt-shaped protrusion 3A is 
perpendicular to the axial direction of each straight cylinder portion 
2, which is then wound once around the surface of the straight cylinder 
portion 2 in a circular fashion and anchored. 

As such, gaps are usually spaced at substantially equal intervals 
in the axial direction of the straight cylinder portion 2 on which the 
belt-shaped protrusions 3A having about the same size this expendable 
pattern is, respectively, but since the present invention is not always 
limited to these facts, they can be properly disposed. 

As such, by providing the belt-shaped protrusion 3A, an overhung 
dovetail groove 6 is obtained between adjacent protrusions 3A and 3A. 

Figure 5 shows a state in which a cylinder block 10 made of aluminum 
is embedded by casting in this hollow cylindrical body 1A. As seen from 
this drawing, the inner peripheral side of the cylinder block 10 is coupled 
sufficiently and spatially between the belt-shaped protrusions 3A and 
3A. That is, since the cross section Ai of the inner peripheral section 
12 interposed between the protrusions 3A and 3A is larger than the area 
A 2 at the molten metal flow-in opening even if a cylinder liner 1 and 
cylinder block 10 are energized in the direction in which they recede 
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from each other due to thermal stress, external forces, and the like, 
the tight joint between the cylinder liner 1A and the cylinder block 10 
can be secured. 

Figures 6 to 11 show modified examples with various changes in the 
longitudinal length and direction of extension of the belt-shaped protrusion 
in the 2 nd practical example. 

Figure 6 shows a specific example in which the belt-shaped length 
of the belt-shaped protrusion 3A shown in Fig. 3 is decreased to half 
the length there of or shorter , andabelt-shapedprotrusion 3B is orthogonally 
disposed in a so-called zigzag array from the top row, as illustrated. 

Thus, the residual casting sand in the aforementioned dovetail groove 
can be washed out easily. 

Moreover, Fig. 7 shows a modified example of Fig. 6. In this case, 
the lengths of all the belt-shaped protrusions 3C are divided into equal 
prescribed lengths, and moreover, the protrusion are disposed in a zigzag 
array from the top row, as in above-mentioned Fig. 6. 

The resulting effect is substantially the same as in above-mentioned 
Fig. 6, but in this case, a tight joint with the 2 nd casting, such as the 
aforementioned cylinder block, becomes even more firm. 

Figure 8 shows a plan view of a situation in which the extending 
direction of a belt-shaped protrusion 3D is set parallel to the axial 
directionof the straight cylinder portion2 andaplurality of the belt- shaped 
protrusion 3D (eight in the drawing) are disposed on the outer peripheral 
face of the straight cylinder portion, and Fig. 9 shows a front view thereof . 
By disposing these plurality of protrusions 3D in the axial direction, 
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the residual casting sand in the aforementioned dovetail groove can be 
washed out easily. 

Figure 10 is a schematic front view showing a modified example of 
Fig. 9. In this case, the belt-shaped length of a belt-shaped protrusion 
3E is shorter than the one in Fig. 9, and moreover, it is provided in 
a zigzag array. In this case, besides being able to wash out the casting 
sand easily, a firm joint with the 2 nd casting is obtained, which is effective 
for thrust, particularly in the axial direction. 

Figure 11 shows a schematic front view of a situation in which relatively 
short belt-shaped protrusions 3F are properly disposed in the peripheral 
and axial directions of the straight cylinder portion 2, respectively. 

In this case, the residual casting sand in the dovetail groove can 
be washed out with relative ease, and moreover, it is possible to improve 
the close adhesiveness with the 2 nd casting. 
Practical Example 3 

The 3 rd practical example in the present invention will now be described 
on the basis of Fig. 12. The 1 st and 2 nd practical examples show hollow 
cylindrical bodies 1 and 1A to IF for embedding by casting wherein the 
substantially spherical or belt-shaped protrusions 3 and 3A to 3F are 
disposed on the single straight cylinder portion 2, but the 3 rd practical 
example relates to so-called conjoined or full conjoined multiple hollow 
cylindrical bodies having a common part and in which two or more cylindrical 
bodies are arranged in parallel. Thence, such multiple cylindrical bodies 
are used as a multicylindered cylinder block of an automobile engine, 
for example. (Figure 12 shows a full conjoined cylinder liner 1G for 
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a straight 4-cylinder engine.) In this drawing, four of a cylindrical 
body 2g are arranged in parallel to each other, with each adjacent portion 
2g' being coupled integrally. Thence, a plurality of protrusions 3G are 
formed integrally on the outer peripheral face of the cylindrical body 
2g. Moreover, although substantially spherical protrusions in the 1 st 
practical example were provided in the practical example shown in /512 
Fig. 12, one type of the belt-shaped protrusions shown in Figs. 3 to 11 
in the 2 nd practical example can be provided, or many types of them can 
be mixed, as needed. 

Next, a method for manufacturing the hollow cylindrical body for 
embedding by casting in each of the aforementioned practical examples 
is described. In the present invention, a lost form method or a full-mold 
method in which the same type of expendable pattern as a hollow cylindrical 
body is used and embedded in casting sand, then substituted by molten 
metal is employed. 
Practical example of a 1 st method 

Figures 13(A) to (C) are schematic views showing a method for 
manufacturing the hollow cylindrical body for embedding by casting 
pertaining to the 1 st practical example shown in Figs . 1 and 2 . An expendable 
pattern 21 can use a foam comprising various synthetic resins expendable 
by heating during pouring, such as polystyrene, polyethylene, or 
polypropylene foam . 

First, a cylindrical foam 22 having the same shape as the cylinder 
portion 2 of the hollow cylindrical body 1 is fabricated . The outer diameter 
of the cylindrical foam 22 is 80 mm to 90 mm and the length is 2.5 mm 
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to 5.0 mm (Figure 13(A)) . A plurality of a shallow spherical recess 22a 
are formed next on the outer periphery of the cylindrical foam 22 (Fig. 
13(B)). A 0.3 to 5 mm diameter foam sphere 23 is subsequently adhered 
to this recess 22a (Fig. 13(C)). Here, it is preferable that the radius 
of curvature of the spherical recess 22a be substantially equal to the 
radius of curvature of the sphere 23. Moreover, the depth of the recess 
should be set so that the hemispherical volume or greater of the sphere 
23 projects outside the cylindrical body 22. Thus, an expendable pattern 
21 having the same shape as the hollow cylindrical body for embedding 
by casting 1 can be fabricated. 

The expendable pattern thus formed is embedded in casting sand is 
known in the art. The axis of the expendable pattern in this case is 
positioned in the sand so that it faces it perpendicularly. In the present 
practical example, no core is provided in the space on the inner peripheral 
face of the expendable pattern while casting the hollow cylindrical body 
1. Consequently, the expendable pattern is also embedded in the sand 
perpendicularly in order to maintain the desired cross-sectional shape 
even after pouring in the next step. If the pattern is temporarily embedded 
in the sand by facing the axis of the expendable pattern horizontally, 
the pattern is deformed after pouring utilizing the gravity or the like 
of the molten metal, and the desired cross-sectional shape is not obtained. 

Next, the molten metal is poured from overhead and the expendable 
pattern is substituted by the molten metal. Since no core is present 
in the inner peripheral space of the expendable pattern at this time and 
the casting sand is packed as on the outer peripheral face, gas can readily 
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escape toward the inner peripheral space. Upon cooling and solidifying 
the molten metal and removing the casting sand after that, the hollow 
cylindrical body 1, as shown in Figure 1, is obtained. Subsequently, 
the hollow cylindrical body 1 is used as metal for casting the desired 
cylinder block 10 by casting aluminum around this hollow cylindrical body. 
The conditions for casting the aluminum are the same as for the conditions 
for a conventional casting. 
Practical example of a 2 nd method 

Figures 14 (A) to (C) are schematic views showing the practical example 
of a 2 nd method for manufacturing the hollow cylindrical body for embedding 
by casting 1 (Fig. 1) pertaining to the 1 st practical example of the present 
invention. The practical example of the 2 nd method merely differs from 
the practical example of the 1 st method in the method for forming an expendable 
form 21 '. First of all, the cylindrical foam 22 (Figure 14 (A) ) is fabricated 
as in Fig. 13(A) . Next, part of a foam sphere 23 ' is notched, as shown 
in Fig. 14(B), and the notched face 23 ' thereof is adhered to the face 
of a vinyl resin film, e.g., a film 24 made of vinyl chloride. Next, 
by winding this film 24 around the cylindrical foam 22, the expendable 
pattern 21' is formed (Fig. 14(C)). Thereafter, the same steps as in the 
practical example of the 1 st method are performed. 
Practical example of a 3 rd method 

When the conjoined multicylindered body 1G arranged in parallel for 
embedding by casting pertaining to the 3 rd practical example shown in Fig. 
12 is manufactured, substantially the same method as in the aforementioned 
practical example for the 1 st method may be used, provided that an integrated 
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parallel multicylindrical foam (not shown) is prepared in, e.g. , an extrusion 
mold or the like instead of providing the single cylindrical foam 22 in 
the practical example of the 1 st method, and the remaining steps are no 
different than in the practical example of the 1 st method. 
Practical example of a 4 th method 

In order to manufacture the hollow cylindrical body for embedding 
by casting 1A pertaining to the 2 nd practical example and shown in Fig. 
4, the practical example of the 4 th method will be described on the /513 
basis of Fig. 15 (A) to (C) . The practical example of the 4 th method 
corresponds substantially to the practical example of the 1 st method. 

A cylindrical foam 22A similar to the one in the practical example 
of the 1 st method is prepared first (Fig. 15(A)). Next, a plurality of 
a V-groove- shaped recess 22a' are formed once around the outer periphery 
of the cylindrical foam 22A (Fig. 15 (B) ) . After that, the acute angular 
portion of a belt-shaped foam 23A having a triangular cross section is 
adhered to this recess 22a' (Fig. 15 (C) ) . Here, it is preferable that 
the notched shape of the V-groove-shaped recess 22a' be substantially 
equal to the acute angular shape of the V-groove-shaped of the belt-shaped 
foam 23A. The depth of the recess is about one-fifth to four-fifths the 
thickness of a conventional hollow cylindrical body for embedding by casting . 
Thus, an expendable pattern 21A having the same shape as that of the 
hollow cylindrical body 1A for embedding by casting can be fabricated. 

Since the casting step thereof is the same as in the practical example 
of the 1 st method, an explanation will be omitted. 
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Practical example of a 5 l method 

The practical example of the 5 th method corresponds substantially 
to the practical example of the 2 nd method. Figures 16 (A) to (C) are schematic 
views showing the practical example of the 5 th method related to the 
manufacture of the hollow cylindrical body 1A for embedding by casting 
in the practical example of the 2 nd method (Fig. 4) . The practical example 
of the 5 th method only differs from the practical example of a 4 th method 
in the method for forming the expendable pattern. First, the same 
cylindrical foam 22A as in Fig. 15(A) is fabricated (Fig. 16(A)) . Next, 
as shown in Fig. 16 (B) , the acute angular portion of the belt-shaped notched 
face 23A' having a triangular cross section is notched so that it is cut 
off evenly, and a notched face 23a' ' thereof is adhered to the face of 
a vinyl resin film, such as the film 24 made of vinyl chloride. Next, 
by winding this film 24 around the cylindrical foam 22A, the expendable 
pattern 21A' is formed (Fig. 16 (C) ) . The steps thereafter are performed 
as in the practical example of the 4 th method. 

As in the practical example of the 2 nd method, the film 24 made of 
vinyl chloride can be web-shaped, or it may be inserted through the outer 
periphery of the cylindrical foam 22A. Furthermore, the above-mentioned 
notched face 23a' ' can be adhered directly to the outer periphery of the 
cylindrical foam 22A without using the film 24. 
Practical example of a 6 th method 

The practical example of this method corresponds to the practical 
example of the 3 rd method. That is, a conjoined hollow multicylindered 
body is formed by manufacturing an integrated multicylindered foam (not 
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shown) in a parallel arrangement and subsequently applying the practical 
example of the 4 th method. 
(Effects of the Invention) 

The hollow cylindrical body for embedding by casting in the present 
invention (1 st casting) , as described above, is formed with protrusions 
so that a dovetail groove is demonstrated substantially on the outer 
peripheral face thereof. Hence, by using it as the metal for embedding 
and casting it in aluminum or the like, aluminum or the like can be cast 
so as to surround the protrusions (2 nd casting) . Consequently, the 1 st 
casting is not displaced either right, left, up, or down with respect 
to the 2 nd casting. Specifically, in the 1 st practical example, a plurality 
of spherical protrusions that are hemispherical or greater are formed 
integrally on the outer peripheral face of a single straight cylinder 
portion. In the 2 nd practical example, a plurality of belt-shaped 
protrusions are formed on the outer peripheral face of a single straight 
cylinder, and moreover, the width W x on the base end side of this belt-shaped 
protrusion is smaller than the width W 2 on the tip side. Furthermore, 
in the 3 rd practical example, such substantially spherical or belt-shaped 
protrusions are formed on the outer peripheral face of conjoined or full 
conjoined integrated multicylindered body in a parallel arrangement. 
When such an integrated casting structure is used as a cylinder for an 
internal combustion engine, for example, the inner peripheral portion 
of the cylinder block, which is the 2 nd casting, is adhered firmly to both 
castings while surrounding the protrusions on the cylinder liner, which 
is the 1 st casting; hence, a gap is produced by the difference in the 
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coefficients of thermal expansion between the castings, and a heat transfer 
pathway can be prevented from being blocked. The heat of the cylinder 
liner is conducted effectively to the cylinder block. As a result, abnormal 
temperature phenomena in the combustion chamber are prevented, deformation 
of the cylinder liner, occurrence of abnormal wear of the pistons due 
to the deformation is reduced, and at the same time, an improvement in 
the consumption of lubricating oil also is effected. 

Moreover, according to the method for manufacturing the hollow 
cylindrical body for embedding by casting in present invention, the 
expendable pattern of a hollow cylindrical body for embedding by casting 
in which a plurality of protrusions that substantially provide a dovetail 
groove may be formed easily. In this case, each protrusion is integrated 
with the hollow body in face-contact; hence, the molten metal invading 
the expendable pattern also reliably invades the protrusions /514 
therebetween . 

Furthermore, since machining of the outer periphery of the hollow 
cylindrical body can be omitted after casting, ease of achieving removal 
of the casting sand, simplification of and reduction of the cost of the 
manufacturing process can be planned. 

Furthermore, each protrusion forms a spherical shape (1 st practical 
example, practical examples of 1 st and 2 nd methods) , or arranged in a prescribed 
belt-shaped pattern (2 nd practical example, practical examples of 4 th and 
5 th methods) , and after casting the 1 st casting, the casting sand interposed 
between protrusions can be discharged smoothly. 



23 



Additionally, by making the hollow body which will form the expendable 
pattern a conjoined or full conjoined one at first, a conjoined or full 
conjoined 1 st casting can be manufactured with ease (practical examples 
of 3 rd and 6 th methods) . 
4. Brief Explanation of the Drawings 

Figure 1 is a cross section showing the hollow cylindrical body for 
embedding by casting according to the 1 st practical example of the present 
invention; Figure 2 is a cross section showing a state in which the hollow 
cylindrical body for embedding by casting is cast as the 2 nd casting according 
to the 1 st practical example of the present invention; Figure 3 is a front 
view showing the hollow cylindrical body for embedding by casting according 
to the 2 nd practical example of the present invention; Figure 4 is a 
longitudinal section thereof; Figure 5 is a cross section showing a state 
in which the hollow cylindrical body for embedding by casting is cast 
as the 2 nd casting according to the 2 nd practical example of the present 
invention; Figures 6 and 7 are front views showing modified practical 
examples of the 2 nd practical example, respectively; Figure 8 is a plan 
view showing another modified practical example of the 2 nd practical example; 
Figure 9 is a front view thereof; Figures 10 and 11 are schematic front 
views showing other modified practical examples of the 2 nd practical example, 
respectively; Figure 12 is a plan view showing a full conjoined integrated 
hollow cylindrical body for embedding with a parallel arrangement according 
to the 3 rd practical example of the present invention; Figures 13(A) to 
(C) are schematic views showing the 1 st method for manufacturing the hollow 
cylindrical body for embedding by casting of the present invention; Figures 
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14 (A) to (C) are schematic diagrams showing the 2 nd method for manufacturing 
the hollow cylindrical body for embedding by casting of the present invention; 
Figures 15(A) to (C) are schematic views showing the 4 th practical example 
of the hollow cylindrical body for embedding by casting of the present 
invention; and Figures 16(A) to (C) are schematic views showing the 5 th 
practical example of the hollow cylindrical body for embedding by casting 
of the present invention. 

1, 1A, IB, 1C, ID, IE, IF, 1G: hollow cylindrical bodies for embedding 
by casting (1 st castings), 3, 3A, 3B, 3C, 3D, 3E, 3F, 3G: belt-shaped 
protrusions; 10: 2 nd casting; 21, 21', 21A, 2lA f : expendable patterns 
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